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A
Admissible shape functions, 219
Algebraic Riccati equation, 500
Atomic force microscope, 7
Austenite, see Austenitic phase
Austenitic phase, 301
Austenitic-to-martensitic

transformation, see Transformation
laws

single-variant model, 304
single-variant with stress, 305

Axial bar, 56

B
Beam, 58

in bending, 58–60
clamped-free boundary conditions,

61
pinned-pinned boundary conditions,

61
strain energy, 64
mode shapes, 235

Bending 31 piezoelectric transducers,
see Piezoelectric bimorph

C
Capacitance, 66

dynamic, 234
Capacitor(s)

electric field in a, 65
energy stored, 66

Charge
bound, 44

Charge feedback, 469
Compact notation, see Voigt notation
Compliance matrix, 32
Conducting polymer 349
Conducting polymer actuator

voltammagram, 364
transducer models, 367–369
free displacement, 367
blocked force, 367

Conductivity, 44
Conductor, 43
Controllability, 493
Convolution integral, 94
Coupling, 2
Curie Temperature, see Piezoelectric

material, Curie Temperature
Current, 42

density, 42
Cyclic voltammetry, 363

D
Damping matrix

viscous, 93
proportional, 265
modal, 265

Damping ratio, 94
Dielectric elastomer, 352
Dielectric material, 46
Dipole moment, 44
Dipole, 44
Displacement

vector, 25
admissible, 32
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Dynamic capacitance, see Capacitance,
dynamic

E
Eigenvalue, 95
Elastic modulus, 33
Electric displacement, 37
Electric field intensity, see Electric

field
Electric field, 37
Electric flux intensity, see Electric

displacement
Electric potential, 54
Electroactive polymer, 4
Electrochromic material, 11
Electronic dipole, see Dipole
Electrostrictive materials

strain-field relationship, 185
effective piezoelectric strain

coefficient, 187
constitutive modeling, 192
harmonic response, 196–198

Energy
function, 50
potential, 51
kinetic, 81
Helmholtz free, 208
Gibbs free, 208
Elastic Gibbs, 208
Electric Gibbs, 208

Energy harvesting, 533
Enthalpy, 208

elastic, 208
electric, 208

F
Fiber optics, 11
Frequency domain, 101
Full-state feedback, 492
Full-wave rectifier, 535

G
Gain matrices, 469
Generalized coupling coefficient, 114,

263

Generalized state variables, 67
Generalized velocities, 82

I
Inchworm actuator, 403
Insulator, 43
Ion-exchange polymer, see Ionomeric

materials
Ionomeric materials, 354
Ionomeric polymer transducers

blocked force, 375
free displacement, 376
material properties, 377

Isotropic, 33

K
Kinetic law, 303

L
Leveraged piezoelectric actuator

mechanical, 388
frequency, 402

Linear quadratic regulator, 496
Loop transfer function

proportional-derivative controller,
392

proportional-integral-derivative
controller, 397

piezoelectric amplifier, 526

M
Magnetostrictive material, 11
Martensite, see Martensitic phase
Martensitic fraction, 302
Martensitic phase, 301
Martensitic-to-austenitic transformation,

see Transformation laws
Mass matrix, 93
Mechanical rectifier, 402
Megapascal, 14
Modal damping, see Damping matrix,

modal
Modal filtering, 239–241
Modal stiffness, 265
Modulus matrix, 32
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N
Natural frequency

undamped, 93
Nitinol, 300

O
Observability, 508
Operational amplifier, 520
Operator notation, 28
Output feedback, 468

P
Permittivity

of free space, 3
relative, 46

Piezoectric transducer
33 operating mode, see 33

piezoelectric transducer
stack, see Piezoelectric stack
force sensor, see Piezoelectric force

sensor
motion sensor, see Piezoelectric

motion sensor
31 operating mode, see 31

piezoelectric transducer
Piezoelectric bimorph

curvature, 168
transducer equations, 172–174
free displacement, 174
blocked force, 174
substrate effects, 175–177
stiffness matrices, 220
coupling matrix, 220
capacitance matrix, 220

Piezoelectric effect
direct, 122–124
converse, 122, 124–126

Piezoelectric material, 4
poling of a, 128
Curie temperature, 128
coupling coefficient, 133
linear constitutive relationships,

137
Piezoelectric motion sensor, 159
Piezoelectric plates

strain operator, 269
stiffness matrix, 271
coupling matrix, 271
capacitance matrix, 272
mass matrix, 281

Piezoelectric shunts
system equations, 420
frequency response, 422
inductive-resistive, 425
multimode, 432
adaptive, 443–446

Piezoelectric stack
free displacement, 151
blocked force, 151
actuating a linear elastic load,

152–154
stiffness match, 153

Piezohydraulic actuator, 404
Piezolectric force sensor, 158–159
Point charge, 36
Polarization, 45
Pole-zero interlacing, 259
Polymer, 347
Positive position feedback, 478–480
Power

electrical, 512
average, 514
factor, 518

Power amplifiers
linear, 524
switching and regenerative, 530–533

Power factor, see Power, factor
Power flow, 111, 514
Power spectral density, one-sided, 441
Proportional-derivative (PD) control,

392
Proportional-Integral-Derivative (PID)

control, 397
Pseudoelastic effect, 299
Pseudosusceptability, 189

R
Residual strain, 299
Ritz method, 218
Root mean square response, 442
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S
Saturation electric field, 189
Self-sensing actuation, 483–485
Shape memory alloy actuator

free strain recovery, 327
restrained recovery, 327
controlled recovery, 329
electrical activation, 330–332

Shape memory alloy damper, 453
parametric study, 460–464

Shape memory alloy, 4
Shape memory effect, 299
Simultaneous sensing and actuator, see

Self-sensing actuation
Single-crystal piezoeceramic, 184
Smart material system, 1
Smart material, 1
Spatial filtering, 235–239
State estimation, 505
State variable, 2
Static equilibrium, 30
Stiffness matrix, 92
Strain, 14

of a solid, 26
normal, 26
shear, 26
percent, 27

Stress, 14
of a solid, 27
admissible, 32

Stress-induced martensite, 320
Switched-state absorber, 448–453

T
Temperature-induced martensite, 320
Thermodynamics

first law, 206
second law, 206

31 piezoelectric transducer
coupling coefficient, 161

free strain, 161
blocked stress, 161
free displacement, 161
blocked force, 161

33 piezoelectric transducer
coupling coefficient, 144
free strain, 144
blocked stress, 144
volumetric energy density, 145
transducer equations, 147–149
free displacement, 148
blocked force, 149

Transfer function, 101
Transformation coefficient, 302
Transformation laws

single-variant model, 304
single-variant with stress, 305
partial transformation, 307
multivariant model, 322

Transition temperatures, 301

V
Variants, 301
Variational motion, 68
Variational principle

systems in static equilibrium, 70–72
dynamic systems, 78–81

Variational work, see Work, variational
Voigt notation, 28
Volumetric energy density, 15

W
Work

mechanical, 48
electrical, 54
variational, 70

Z
Zero-flux constraints, 114
Zero-force constraints, 114


